Effects of hedgehog proteins on tissue engineering of cartilage in vitro.
The effects of three derivatives of the N-terminal signaling domain of hedgehog proteins on cartilage engineered in vitro were investigated, with specific focus on the ability to increase tissue growth rate and concentrations of major extracellular matrix components, that is, glycosaminoglycans (GAG) and collagen, and on the effects on morphological appearance of the tissue. Bovine articular chondrocytes were cultured on biodegradable polyglycolic acid (PGA) scaffolds with or without the addition of dipalmitoylated sonic hedgehog (dp-shh), dipalmitoylated indian hedgehog (dp-ihh), or sonic hedgehog dimer (shh-dimer) to medium with either 1% or 10% fetal bovine serum (FBS). All three hedgehog proteins dose-dependently increased construct weights (by up to 1.95-fold, dp-shh at 1,000 ng/mL) and the fraction of GAG over 4 weeks (by up to 2.7-fold, dp-shh at 1,000 ng/mL), as compared to control constructs. Dp-shh and dp-ihh elicited similar responses; a 10-fold higher concentration of nonacylated shh-dimer was necessary to reach comparable results. Positive hedgehog effects were more pronounced in medium containing 1% FBS than in medium containing 10% FBS; however, at either FBS concentration, cartilaginous tissues grown in the presence of hedgehog proteins appeared morphologically more mature. Hedgehog derivatives thus appear as promising candidates to improve the development and composition of engineered cartilage.